She 


ENGINEERS 
DIGEST 


REVIEW OF ENGINEERING PROGRESS ABROAD 


VOL. VI. No. 10 ENGINEERING OCTOBER, 1945 


In addition to all their other advantages, CHURCHILL Precision 
Roll Grinders are easily operated. 


THE CHURCHILL MACHINE TOOL CO. LTD., BROADHEATH, Nr. MANCHESTER. 





THE ENGINEERS’ DIGEST 


REVIEW OF ENGINEERING PROGRESS ABROAD 
Published Monthly at 120, Wigmore Street, London, W. 1. 

Publishers : ENGINEERS’ DIGEST LTD. ~ = - - - ~ Telephone : WELBECK 9357 
Advertisement Dept. - 120, Wigmore Street, London, W.1. - ~ Telephone : WELBECK 9357 
Distribution o - E.&F.N. Spon, Ltp., 57, Haymarket, London, S.W.1. 

Telephone : Whitehall 1860. Telegrams: Fenspon, Lesquare, London 
Editorial Dept. - - 120, Wigmore Street, London, W.1.- - Telephone : WELBECK 9357 
Subscriptions to : ENGIngERS’ Dicest LTp., 120, Wigmore Street, London, W.1, or 
E, & F. N. Spon, Ltp., 57, Haymarket, London, S.W.1. 


ANNUAL SUBSCRIPTION OF 12 NUMBERS, {2 2s. SINGLE COPIES, 4s. 6d. 


ADVISORY COMMITTEE 
: W. J. KEARTON, D-Eng., MI-Mech.E., A.M.Inst.N.A. 
M.A., M 


Prof. W. KERR, Ph.D., M.I.Mech.E. 
TON, D.Eng., A. G. V. LOMONOSOFF, Dr.ing., M.I.Mech.E. 
: ASBRIDG 'M.B.E., M.I.Mech.E. ech.E. 


. AYERS, M.1.W. 
. J. BOWDEN, M.inst.C.E., M.I.Mech.E. 
. BROUGHTON, M.I.Mech.E. 
UCKINGHAM, B.Sc., A.M.Inst.C.E., A.M.I.Mech.E., 
. BURNHAM, B.Sc. (Lond.), A.M.I.Mech.E. [A.M.I.E.E. 
. S. CASWELL, M.Sc., M.I.Mech.E. 
. SAFFERY COOPER. 
CK, Ph.D., B.Sc., A.M.I.Mech.E. 
~Mech.E. 








riya 
a 
BS 


Efe 
AgoM 


.Ae.S. 
TTHEWS, Wh.Ex., A.M.Inst.C.E., M.I.E.E., F.R.Ae.S. 
. MELLANBY, D.Sc., LL.D., M.1.Mech.E. 

TTCLIFFE, B.Sc. (Eng., Hons.), M.I.Mech.E. 
. D. ROWE. 


OBLE, D.Sc., A.R.C.Sc., M.I.Mech.E. 
. SEEWER, D.E. (Zurich), M.Inst.C.E., M.1.Mech.E. 
° . S. PARKER SMITH, D.Sc., M.I.E.E., A.M.Inst.C.E. 
. B. XWELL, D.Sc. (Lond.), F.Inst.P., F.Inst.F., E. H. VERITY, A.M.Inst.C.F., A.M.LE.E., A.M.I.Mech.E. 
R. GRIFFITHS, M.Sc. [M. Inst.Gas.E, . G. WALKER, F.C.G.L., B.Sc. -)» M.Inst.C.E., 
HEYWOOD, Ph.D., M.Sc. (Eng.), A.M.I.Mech.E. I.Mech.E., M.Am.Soc.C.B. 
O. HURST, M.Inst.N.A. . L. WATSON, M.Inst.C.E., M.I.Mech.E. 
Capt. J. S. IRVING, M.I.Mech.E., M.I.A.E., A.F.R.Ae.S., le SON, M.Inst.C.E., M.I.Mech.E. 
M.S.A.E. - H. WOODFIELD, M.E.Mech.E., M.I.Struct.E. 
F. C. JOHANSEN, M.Sc. (Eng.), M.I.Mech.E., F.R.Ae.S., : GHT, Ph.D., M.Sc. 
M.I. .E. . L. YATES, Ph.D., M.Sc.Tech., M.A. (Com.), M.I.Mech.E. 


aimmon 
mmo 


poor 
>) 

whe") thy 

a See ‘ 


mero 
3 











Craft in Attack 


WHETHER the task be a naval or a 
workshop operation, craft in attacking is 
half the battle. The other half, ensuring 
success, lies in having the right ships in 
the one case and the right tools in the 
other. But in both cases the material as 
well as the design must be right. So when 
it comes to a choice of tools—specify 
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MAGNETIC VOLTAGE STABILISER FOR ALTERNATING CURRENT. 


By A. T. BERTHELSEN. (From Ingenioren, April 14, 1945, pp. 29-31.) 


In the measuring of the starting current of electrical 
machinery by means of a cathode ray oscillograph, 
difficulties may arise from the fact that the starting 
of the machine causes the voltage to drop in the net- 
work. Such a sudden fluctuation in the supply voltage 
of the cathode ray oscillograph will cause an irregular 
movement of the cathode ray, hereby introducing a 
considerable error of measurement. For cases where 
alternating current is involved, constancy of the voltage 
at the oscillograph may be secured with the employ- 
ment of a special stabiliser, The circuit diagram 


of a magnetic voltage stabiliser which was developed 
for this purpose by the Engineering Laboratory of the 
1 


Copenhagen Electricity Works is shown in Fig. 1. 
Here it is seen that the apparatus consists of a choke 
coil Lt with a saturated iron core connected in parallel 
with a condenser C and another air-gap reactor provided 
with the windings Li and Ly. In Fig. 2 is shown the 
characteristic u¢ for the choke coil Lt and the condenser 
C; the voltage being represented by the ordinate u 
and the current by the abscissa 7, not considering 
the ohmic voltage drop and the core losses. The fact 
that the current in the coil is not sinusoidal may also 
be neglected. The magnetisation curve for Lt is 
given by uw, and the charging characteristic of the 
condenser C is represented by ue. The characteristic 
u, is obtained as the difference between the character- 
istic uw, and ue. It will be seen that the impedance 
of the shunt is capacitive in the case of small voltages 
and inductive in the case of higher voltages. 

The action of the voltage regulator is as follows: 
if the supply voltage is e<u, the inductive im- 
pedance Li and the capacitive impedance of the shunt 
will be in series. Assuming the impedance of the 
shunt to be larger than the impedance in Li, the voltage 
drop across Lt will be larger than the supply voltage 
a. For e;=wu,, there is no voltage drop in the im- 
pedance L;. In this case the voltage e, and the voltage 
drop across the shunt will be of equal magnitude. For 
é,>u, the impedance of the shunt will be inductive. 
In this case the voltage drop across the shunt will be 
smaller than the supply voltage, and there will be a 
phase difference of 90 degrees between the induced 
voltage and the supply current. But as there is also 
a phase difference of 90 deg. relative to this current, 
Lx can be so connected that the induced voltage is in 
phase with the voltage across the shunt in the case of 
lower supply voltages, and consequently in opposite 
phase in the case of higher supply voltages, as the phase 
difference for the shunt varies 180 deg. when the 
supply voltage exceeds u, Thus by proper adjust- 
ment it can be achieved that the delivery eu varies no 
more than 0.5 per cent, or even less, within the maximum 
range of supply voltage variations. 

The slightly modified circuit employed in the actual 
apparatus is shown in Fig. 3. Here the choke coil in 
the shunt is in the form of an autotransformer, the 
winding of which is tapped in order to permit adjustment 
of the delivery voltage. The coil Lx is likewise tapped 
for the purpose of voltage regulation. The combina- 
tion of a condenser with a coil containing an iron core, 
Which 1s _magnetised to saturation: displays a point 
of instability at which the current and the voltage 
undergo an abrupt change. This property may 

> the operation of a voltage stabiliser unstable, 
and it must therefore be suppressed as far as possible. 
Cause of this instability can be explained as follows : 

In Fig. 4, which refers to the characteristic of a series 
arrangement of condenser and coil, the characteristic 
18 Tepresented by up. The voltage is given as the 
ference of the magnetising curve ™ of the coil and 
changing Characteristic ue of the condenser. It is 
seen that with increasing voltage the current increases 





























Fig. 1. Simplified diagram of voltage stabiliser circuit. 
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Fig. 2. Shunt characteristics. 
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Fig. 3. Diagram of actual stabiliser circuit. 


to a point at which it jumps from the curve 7, to the 
curve 7,. Vice versa, as the voltage is decreased, the 
current decreases to a value 7; and then jumps back to 
24. It should be noted that the point of instability 
occurs at a higher voltage when the voltage increases, 
than when the latter is decreased. 
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Where condenser and coil are arranged in parallel, 
a resistance r may be placed in series with the circuit 
in order to make the circuit unstable with voltage 
fluctuation. In Fig. 5, the voltage drops across this 
resistance are given as ur, and wr, for the resistances 
r, and r, respectively. For a given point of curve 
Ur, the voltage across the shunt circuit is uno, while 
that across the resistance r is uro. The resultant of 
these two voltages is given by uno, which is the supply 
voltage. It is easily seen that if the voltage increases 
the current will also increase up to the value 7, and then 
jump to the value 7,.. Vice versa, a decrease in voltage 
will be accompanied by a sudden drop in the current 
from i, to 7,. The loci of 7, and 7, and 7; and 74 respec- 
tively are seen to lie on concentric circles having their 
centres at 0. 

The actual stabiliser is built for a supply voltage 
of 220 V and an output of 60—70 VA. The delivery 
voltage characteristics for no-load and for 60 watt 
load respectively are shown in Fig. 6, where it is seen 
that with a variation in the supply voltage from 170—250 
Volt the delivery voltage changes less than one per cent. 
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Fig. 4. Diagram of series circuit (condenser and coil in 
series). 
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MAGNETIC METHOD FOR TESTING STEEL QUALITY 


By H. SJOvALL. 


THE magnetic examination of machined steel component 
parts can be employed to advantage for the determina- 
tion of their properties after heat treatment ; and it may 
also be found useful in sorting pieces of identical shape 
and material, but heat treated in different ways. It 
must, however, be noted that magnetic methods should 
be used with caution. Although it is possible to 
ascertain by the magnetic method whether or not the 
magnetic properties of a piece deviate from a chosen 
normal, it is not possible to determine with any degree 
of certainty whether such a deviation in the magnetic 
properties is due to either a change in the hardness of 
the piece, or its structure, or to an abnormal composition, 
or even to an inaccuracy of dimensions. Magnetic 
testing can, however, serve: as a useful means for the 
rapid execution of comparative tests. 








(From Jernkontorets Annaler, Vol. 128, 1944, pp. 610-614). 


Too much stress should not be laid upon the de- 
termination of magnetic irregularities as such. It has 
been found that it is quite satisfactory to base the test 
upon the joint measurement of the magnetic and electric 
properties of the piece. In other words, it is quite 
satisfactory to base the test upon the measurement of 
the induced electromotoric force produced by the 
Soins current magnetization of a solid piece of 
steel. 

An important requirement is that the test procedure 
should be simple and quick, and that only ordinary 
50 cycle alternating current should be required for 
operation of the device. The simple induction measutt- 
ment by means of a primary and a secondary coil, 3 
shown at the top of Fig. 1, does not prove particularly 
reliable, especially where short and bulky test pieces ar¢ 
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Fig. 1. Magnetic hardness testing of steel. 

concerned. This is due to the fact 
that with the large coil diameter -re- 
Z quired, the deflection of. the pointer 
mi lliohmmeter Y of the measuring instrument will differ 
with Poy but little with soft-annealed and har- 
rectivier dened pieces. Small irregularities in 
hardness cannot therefore -be detected 

by this method. - 

There are, however, several ways in 
which inductive testing can be im- 
proved. Thus, for instance, it has 
== been found from actual experience that 

! much better results are obtained by 
Mth py WALL ILL “Utf¥yg k MUM 2 MY iia strongly magnetizing the test piece and 
by carrying out the measurement at a 
Fig. 2. Device for testing the hardness of taps. spot where the actual magnetization of 
: the piece happens to be small. A 
further improvement consists in compensating the de- 
flection of the measuing instrument which obtains when 
the device runs idle. 
A magnetic device developed by the S.K.F..Com- 
pany for the examination of taps is shown in Fig. 2, 
while the section through a device for testing the 
hardness of lathe centres is given in Fig. 3. As in con- 
tinuous operation the sudden increase in the bridge 
current produced by the removal of the test piece 
would eventually prove harmful to the measuring in- 
strument, a leaf contact is preferably provided for short- 
circuiting the instrument when the test piece is removed. 
A differential coil arrangement comprising a direct 
current bridge and a direct current milliammeter has 
been developed for cases in which a higher degree of 
sensitivity is required. The measuring coil and the 
counter-coil are connected to individual rectifier 
circuits which can,.be adjusted by hand. The milliam- 
meter can thus be adjusted to show a fixed, arbitrarily 
selected deflection when a standard test piece is in- 
serted. Any difference in the hardness of other pieces 


Wis: & Magnetic device fee tanti will then be shown by a deviation of the pointer of the 
testing the hardness of lathe 
pena instrument from the standard reading. 
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A further improvement is represented by the em- 
ployment of two d.c. bridges with two null positions— 
one with the test piece in place and the other when the 
apparatus runs idle. The circuit employed for this 
purpose is shown at the bottom of Fig. 1. This system 


has been applied to a device for the testing of small ball 
races. It obviates the necessity for short-circuiting the 
instrument when the test piece is removed, and service 
reliability and maintenance of the apparatus are there- 
fore improved. 


UTILISATION OF ALCOHOL AS MOTOR FUEL BY DIRECT INJECTION. 


By M. RETEL. 


(From La Vie Automobile, No. 1279/1280, July 10=25th, 1944, pp. 122-125; No. 1281/1282, 


Aug. 10-25th, 1944, pp. 139-144; No. 1283/1284, Sept. 10-25th, 1944, pp. 32-35). 


INTERNAL combustion engines may be grouped under the 
classes of Carburettor engines and Diesel engines 
respectively. Each class of engine has its individual 
characteristics, the one using volatile fuels exclusively 
and having a compression ratio not in excess of 6-7, 
the other using heavy fuels and having compression 
ratios higher than 15. This profound difference in the 
operating principles of the two engine classes is due to 
the different methods employed in the preparation and 
the ignition of the mixture. In the carburettor engine 
the mixture is prepared in the carburettor, that is, 
external to the engine, and ignition is carried out by 
electrical means. While the ignition system gives no 
trouble, certain difficulties arise with the preparation of 
the mixture. , 

As a matter of fact the small suction prevailing at the 
throat of the venturi must not only effect aspiration of 
the fuel, but also its atomisation to a degree fine enough 
to prevent settling out of droplets in the pipes. This is 
not at all easy to achieve in the case of an engine running 
at constant speed, and is infinitely more difficult in the 
case of an engine such as that of an automobile engine 
which must operate at widely different conditions of 
speed and output. The suction prevailing in the venturi 
is a function of the air velocity according to the formula 
4H = KV. In an engine the speed of which changes 
over a range from 1 to 3, and the output over a range 
from 1 to 5, the velocity of the gas stream will change 
over a range from 1 to 15, and V*—and with it the 
suction 4 H—over a range from 1 to 225. Moreover, 
as the suction cannot be permitted to exceed a certain 
value lest the power output of the engine should be 


adversely affected at high ratings, the suction available: 


at low ratings must necessarily be extremely small. In 
view of this precarious position, it is therefore necessary 
to consider the following alternatives :-— 

(a) Heating of the fuel for the purpose of vaporization 

(b) Exclusive use of highly volatile fuels with very 
small latent heat of vaporization. (Unfortunately the 
only fuels possessing these proprrties have a relatively 
low octane number.) 

(c) Restriction of the compression ratio to a maxi- 
mum value of 6-7 in order to avoid detonation. 

Exactly opposite conditions prevail in the case of the 
Diesel engine. In this engine atomisation is perfect 
because of the high injection pressure, but there are 
difficulties with regard to ignition of the mixture. The 
requirements therefore are: (a) high compression ratio 
in order to achieve a sufficiently high ignition tempera- 
ture; and (b) use of easily ignitable fuels in order to 
reduce the delay period, and (c) a highly accurate injec- 
tion mechanism which carries out the fuel injection within 
approximately 1/10,000 second in order to avoid prema- 
ture combustion. 

Considering the basic advantages of the two engine 
types, that is, mechanical injection in the case of the 
Diesel and spark ignition in the case of the carburettor 
engine, it is but natural to ask whether it would not be 
possible to unite these advantages in a single engine. 
This idea is by no means new; in fact the Swedish 
engineer Hesselmann was the first te attempt its 
realisation. But originally Hesselmann had in mind a 


goal different from that which he actually endeavoured 


to reach; this was to find a way for the utilisation of 
gas oil in engines with a low compression ratio. What 
he actually attempted to find was a matter of much 
greater import. 

What then will be the outcome of this new concept ? 
First of all there will be a number of advantages which 
may be summarised as : 

(1) The identical charging of various cylinders of 
the same engine, with a gain in output of 5-6 per cent, 

(2) The possibility of scavenging the clearance 
volume of the cylinder, hereby gaining an output in 
power theoretically equivalent to the ratio of the clear- 
ance volume to the cylinder volume which amounts 
to an increase in power output by 5-10 per cent. 

(3) An increase in the cross section of the air induc- 
tion passages of the engine, equivalent to a gain in 
output of 3-4 per cent. 

(4) The possibility of stratifying the mixtures, that 
is, of obtaining a richer mixture in the vicinity of the 
spark plug and a leaner mixture in the other parts of 
the cylinder, thus securing a decrease in the specific 
fuel rate by 15-20 per cent. 

In addition to these advantages, the concept of an 
engine with direct injection offers the possibility of 
utilising a whole series of new fuels, thus opening up a 
hitherto virgin field. In fact, with respect to the Diesel, 
this new concept will enable the utilisation of all fuels 
with low octane numbers, the ignition of which would 
call for a very ‘high compression ratio. It may even 
make possible the direct use of gas oils, hereby avoiding 
the cracking required for the. preparation of motor 
spirits. This would secure a considerable economy 
in fuel, as 10 tons of gas oil are required to produce 5 
to 6 tons of motor spirit. As far as the carburettor 
engine is concerned, the new system would permit the 
use of fuels of low volatility or of high heat of evapora- 
tion. And this applies in particular to the alcohols, 
such as ethyl alcohol and methylalcohol, the high 
octane number of which makes them of especial interest, 
as will be shown below. There will also be the possi- 
bility of the no man’s land of which Ricardo has spoken 
in 1930, that is to say, the range of compression ratios 
extending from 7 to 15. This range has hitherto been 
completely unexplored, yet it is of considerable interest, 
since with compression ratios of 10 to 12 the engine 
efficiency probably passes through its “ y ? maximum. 
In fact, it must not be forgotten that the thermodynamic 
efficiency of an enginé varies inversely with the volume 
ratio of the “ws according to. the well known 
formula 7=1-—-—. It should be noted that stress 

py 

is laid upon the fact that it is the volume ratio of expan- 
sion which matters and not that of compression. Con- 
trary to a widely held opinion, it is advantageous: to 
carry out the compression with a value for y as small as 
possible, in order to reduce the gas temperature at the 
end of the explosion and to take advantage of a very 
high value for y during expansion. This will serve to 
diminish the amount of heat carried off with the 

exhaust gases. For p = 6, it is 7 = 0.465 

= 12, itis 7 = 0.581 

p = 15, itis 7 = 0.613 
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Fig. 1. General arrangement of the solid injection system according to Retel. 


It is seen that the increase in efficiency amounts to 
25 per cent when"p is increased from 6 to 12, but only 
to 4.5 per cent for an increase in the value for » from 
12to 15. The latter increase in efficiency will therefore 
be cancelled out by the losses caused by the increased 
mechanical work of gas compression. Thus, if the 
increase gained in thermodynamic efficiency is added 
to that due to stratification of the mixture, it will be 
possible to diminish the specific fuel consumption by 
at least 30-40 per cent. 

That this figure is far from being illusory is shown by 
the fact that Fabian in his experiments conducted with 
a Brandt engine specially designed for a volume ratio 
of 12 was able to attain efficiencies of 45 per cent. This 
compares with an efficiency of 30 per cent for the car- 
burettor engine and of hardly more than 36 per cent 
for the Diesel. 

The problem of the design of an engine with 
mechanical injection and timed ignition therefore con- 
stitutes an entirely new field of research activity. In 
1936 the author, in collaboration with Mr. Salez, began 
to investigate the problem of solid injection, but this 
work had to cease for lack of time. At the beginning of 
the war, however, the author was requested by the Air 
Ministry to develop a system of electrically controlled 
injection for multi-cylinder aero-engines. These 
investigations convinced him that it should be possible 
to simplify Diesel technique, and he therefore concen- 
trated his efforts upon the problem of common rail 
injection. 

In the engine envisaged there is no need to employ 
the high injection pressures customary in Diesel practice, 
and there is thus no reason to raise the injection pressure 
above 50-60 kg./sq. cm. The injection control require- 
ments also differ from that of the Diesel insofar as the 
injection is not an independent function as in the case 
of the Diesel, but is correlated with the air aspiration 
of the engine. It is therefore of great importance that 
the adjustment of the injection system should not be 
affected by conditions of wear. This requirement con- 
stitutes a formidable problem, since the fuel in question 
—that is alcohol—is not in itself a lubricant. Moreover, 
the particles of mineral origin suspended in the fuel 
are apt to cause considerable wear, particularly in the 
case of volumetric pumps in which the delivery is con- 


trolled by the opening and closing of ports. In the 
common rail system the action of the pumps is solely to - 
circulate the fuel, while the amiount of fuel injected is 
controlled by varying the opening time of a valve placed 
in the line to the injector. 

The circuit of this fue] injection system is seen in 
Fig. 1, which shows its installation ina motor car. Here 
the fuel circulated by the exhaust is first passed into 
the filter K and then to the pump A, which may be 
driven from the fan or in some other way. This pump 
consists of three cylinders delivering into the line L. 
The latter is made of Buna rubber and is capable of 
resisting pressures as high as 400 kg. Owing to its 
resiliency, this line acts as an accumulator, being able 
to store as many as some thirty injections, thus keeping 
the pressure constant within 2 or 3 per cent. A spring 
loaded valve M is 








placed at the end | 
of the return line 
to the filter and 
maintains the fuel 
pressure constant. 
The distributor B 
rotates at half the 
speed of the engine 
and contains one 
valve for each en- 
gine cylinder, these 










valves being opera- UF.K.W™Y 
ted by cams in Z y WY 
such a way that the Y} Y Z 
time of opening of NZ 


SS 





the valves can be 
adjusted. When a 
valve is open fuel 
is permitted to flow 
to the respective 
injector C of the 


Lee 


BK 


SSS 
Lf 


KX. IEEE EN 


NGS 
ell. 


CFE 


RWWA 
VU 






open type, the de- Zz N 
tails of which are N LIK 
shown in Fig. 2. WX 
A high degree of SIS ®@ 


fineness of atomi-- 











sation is secured by 
means of the swirl 


Fig. 2. Section through injector. 
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head incorporated in the nozzle. 

The injector is disposed at an angle of 45 deg. 
relative to the cylinder axis directing the atomised fuel 
into the air stream set up by the opening of the inlet 
valve. The injection can be timed to commence either 
towards the beginning of the suction stroke to towards 
its end. ‘Tests have shown that when maximum power 
is required, injection should take place at the commence- 
ment of the suction stroke so as to produce a thorough 
cooling of the combustion chamber, hereby increasing 
the filling of the cylinder. But when maximum economy 
is required, the injection should be timed to take place 
at the end of the induction period so as to effect strati- 
fication of the mixture and to produce a rich mixture in 
the vicinity of the spark plug. The throttle F as well 
as the fuel distributor are actuated by the pedal of the 
accelerator H. The latter therefore serves two purposes, 
and provision is made to adjust the control actions 
with respect to each other, and with it the richness of 
the mixture, by varying the leverage. 

The real and almost the sole difficulty in realising a 
successful system of solid injection is the maintenance 
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q = K—\W/H where 5 = wt, K is a co-efficient 
@w 


and H is the pressure. This expression applies to 
cases in which the orifice is made in a thin wall. 
the case of an injector in which the diameter of the 
orifice is relatively small as compared with the thickness 
of the orifice, is approximately represented by 


q=K—H. (1) 
@ 

Referring to the graph given ‘in Fig. 4, it will be 
seen that for a constant value for H, the quantity g 
diminishes with increasing speed w and vice versg, 
This characteristic secures an automatic stabilisation 
of the engine which is well proven by test bench results, 
But formula (1) also shows that q considerably increases 
with small speeds w. But it is also obvious that the 
quantity q cannot exceed the quantity Q which the 
pump is capable of delivering. ‘Two cases must there- 
fore be distinguished : 





of a constant mixture composition over the 
entire operating range in order to ensure 
complete combustion. Perfect combustion 
is characterised by the absence of oxygen 


re 
a 





and carbon monoxide in the exhaust, and 
the problem consists in maintaining the 
corresponding mixture composition at all 
loads and speeds of the engine. 


If Q, is the amount of air required to 
fill the cylinder, and gq is the amount of air 
made available by the throttle, the ratio of 

qa 
air required to air provided is r= — 

Qa 
when the throttle is wide open and the 
engine speed is moderate. With increas- 
ing engine speed this ratio will slightly 
decrease because of the friction losses in 
the induction piping. If the engine speed 








is very high the ratio r will tend towards 
zero, so that the characteristic curve will 








assume the shape of an asymptote relative 
the abscissa (curve %, in Fig. 3). If the 
air supply is progressively throttled, the 


Rotational speed of engine. 


Fig. 3. Variation in ratio r with air throttle opening and engine speed. 





CUIVES 01, Hey Og, Ka, etc., will result, the 
points of inflexion B, C, D, E.. . occur- 
ring at lower engine speed. It has been 
found by experiment that these curves are 
approximately represented by the function 
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where s and S represent the reduced and 
the full opening respectively of the throttle, 
w is the angular speed of the engine, and 
K is a coefficient whose value depends 
upon the particular installation. This re- 
lationship can be no more than an approxi- 
mation, since owing to the compressibility 
of the air, the coefficient K also depends 


S 
upon the ratio — and upon the ratio of the 
s 
pressures before and after the throttle, 
which ratio follows a highly complex 








mathematical relationship. 








The amount of fuel passing during the 
time T through an injector of the flow 
area o is given by the _ expression 


Fig. 4. Variation in the ratio of the reduced delivery of the distributor to" 
maximum output as function of the injection angle § and of the engine 
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(1) If g<Q, the excess quantity of fuel available 

will be returned via the by-pass and the pressure 

will remain at the constant value H = Ho. 

The functionality of 9 will therefore be repre- 
sented by a hyperbole. 

(2) If g=Q, the by-pass will remain closed and 


H 
formula (1) will take the form g = Q = Ki— 


@ 
In this case, for a constant opening of the fuel dis- 
tributor, the pressure varies substantially in proportion 


q 
with the speed, and the ratio — approximates to unity 


until, because of an increase in speed, the period of 
injection corresponding to the angle 5 has become too 
small to permit injection of the total amount Q. At 
this instant the pressure increases to Ho and the curve 
passes through a point of inflexion and then follows an 
hyperbolic course. By comparing this type of curve 
with that obtained for the air flow it is found tha 
the fuel and the air characteristics 


H 
If 5 and y remain constant, — will be also constant. 


( @ 

This method secures the desired limitation of the 
maximum delivery of fuel and makes it possible to 
obtain coincidence of the air and fuel characteristics. 
In practice this tuning procedure will be carried out on 
the test bench. The concordance of the air and fuel 
characteristics obtainable in this way is evidence by 
Fig. 5. Here the air and fuel characteristics are seen to 
coincide almost to perfection within the range indicated, 
It is easy to see that the applicability of this method 
does not rest upon the use of a fuel with a certain 
calorific value. In fact, adjustment of the injection 
circuit to a given calorific value is easily obtained by 
varying the length of the injection period by adjusting 
the mechanism of the fuel distributor accordingly. 

A single cylinder engine adapted to the solid injec- 
tion of alcohol was tested at the laboratories of the 
Manufacture Nationale d’Armes at Tulle in 1940. 
This was an engine with a cylinder content of 2.6 litres ; 





are of a similar character. In orderto | Ye 
obtain coincidence of these two cha- j 


racteristics it is required that the maxi- ‘ 





mum quantity of fuel Q should co- 
incide precisely with the maximum air 
supply Q, to the cylinder. This result 
can be obtained by using a pump with 
controllable delivery but the realisation 
of such a type of pump is not always 
easy. This difficulty can, however, be 
overcome by providing a leaf-off valve 
of the adjustable needle type with a 
sectional flow area y. The amount of 
fuel leaking off through this valve will 


Y 
be g’ = K’—-H. For all pressures 


@ 
below Ho it will be 

















H 
Q=q+¢q =—(KS+K’®). 
@ 


Fig. 5. Superposed air and fuel characteristics after adjustment of the fuel 
° delivery characteristic. (Shaded area represents the operating range). 
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Fig. 6. Operating characteristics of single cylinder engines. 
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when running as a carburettor engine on petrol, the 
engine delivered 46.6 h.p. at 2000 r.p.m. with a com- 
pression ratio of 6:1. A change-over to solid injection 
of 95 per cent ethyl alcohol raised the ‘engine power to 
51.2 h.p., and by increasing the compression ratio 
to 7:1 it rose still higher to 55.2 h.p.; with a com- 
pression ratio of 8: 1 it was 60.3 h.p. The rise in the 
compression ratio from 6:1 to 8:1 resulted in an 
increase in m.e.p. from 7.93 to 10.3 kg./sq. cm. ; while 
the specific fuel rate with alcohol was 2540 kcal as 
compared to 2910 kcal with petrol, that is a reduction 
by 14 per cent. 

It is interesting to note that while the output 
increased by 29.5 per cent when substituting alcohol 
for petrol, the maximum combustion pressure increased 
by only 11.0 per cent (see Fig. 6). Additional tests 
were conducted on a 4-cylinder engine of 85 mm. bore 
and 105 mm. stroke. These tests showed that with 
the solid injection of 95 per cent alcohol the engine 
power was 15 per cent higher than in the case of car- 
burettor operation on petrol, and the thermal efficiency 
was also 15 per cent higher. In this case the compres- 
sion .atio was raised only slightly in solid injection 
operation, namely, to 6.75 : 1 as compared with 6.4: 1 


Fig. 7. View of engine showing solid injection system. 


in carburettor operation. Also, running on alcohol was 
much more smooth than on petrol. A close-up view 
of the engine equipped — the solid injection 
mechanism is given in Fig. 7 


cance a INDICATOR FOR LOCOMOTIVE ENGINE 
CYLINDERS. 


By G. BouHL. 


NUMEROUS types of indicators are in use for measuring 
the instantaneous pressure prevailing in the cylinder 
of reciprocating engines. The various types may be 
classified in four categories, namely : 

(a) Mechanical Indicators. To this category belong 
the Watt Indicator and its later modifications ; The 
Crosby Indicator, and the Maihak Indicator. These 
instruments are suitable for medium engine speeds, 
while the Mader, Schmidt, and Collins indicators are 
especially adapted to high speed engines. 

(b) Stroboscopic Indicators. To this class belong the 
de Dion-Bouton, the de Juhasz, and the Farnborough 
indicators. 

(c) Optical Indicators. ‘This category comprises the 
Midgeley, the Hopkinson, Hospitalier-Carpentier, 
Watson-Dalby, and other types. 

The optical and stroboscopic types were developed 
in order to eliminate the effects of inertia which are 
unavoidable in the mechanical types. 

(d) Electrical Indicators. These may operate on 
any one of the following principles, to wit: magnetic, 
variable resistance (carbon pile), piezo-electric (Lange- 
vin, S.N.C.F.-Mauzin), cathode ray, variable capacity 
(Philips). As a whole this class, which utilizes advanced 
methods of modern physics, is employed in the analysis 
cf ultra-rapid phenomena such as occur during a single 
cycle in high speed engines. 

It must not be overlooked that in the registration of 
periodic phenomena of a given frequency, it is important 
that the natural frequency of the indicating apparatus 
must be much higher than that of the phenomenon to 
be observed. But this is not always the case with the 
indicators working on the mechanical prin- 
ciple, which have a considerable degree of 
inertia. Also, the working cycle of a 
steam engine or of an internal combustion 
engine comprises three phases of very 
short duration. This increases the diffi- 
culty of accurately recording the phases 
occurring in the course of one cycle. 


ORDINARY DIAGRAM 


VOLUMES 


(From Revue Génerale des Chemins de Fer, Vol. 63, Nov./Dec., 1944, pp. 137-141). 


diameter of two metres, that is, a rotational speed of 
400 r.p.m., then with a total duration of the cycle-of 
—— sec. the admission period will be no more than 
100 

1/200th sec. This shows that the indicating instrument 
must be capable of responding to high speed phenomena. 

The Maihak indicator of the mechanical type as it 
is used on the S.N.C.F. has moving parts which have a 
natural frequency of some 200 cycles per second. An 
improved design of Maihak indicator is in use at the 
Test Station at Vitry, which has a natural frequency of 
3275 cycles. 

Stroboscopic indicators employ the principle of 
composing the record of a cycle by registering individual 
cycle points during consecutive cycles. The accuracy 
of registration must therefore rest upon the absolute 
identity of all the cycles covered during the period of 
recording. But this will by no means be certain, since 
the individual cycles of steam engines may be affected 
by condensation phenomena and cylinder wall effects, 
the latter being much more marked than analogous 
phenomena occurring in internal combustion engines. 

The employment of optical and electrical indicators 
is to be recommended for the examination of high s 
engines and for the investigation of ultra-rapid phero- 
mena occurring during the “‘ explosion ” phases. These 
two classes of indicators are developed to a high pitch 
of perfection, but they are more adapted to qualitative 
investigations rather than to purposes of exact measute- 
ment. Also, i in the case of cathode ray oscillographs the 
image is obtained on a curved surface and certain 
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A typical volumetric diagram deve- 
loped along the time axis is shown in 
Fig. 1. If a diagram of this kind is 
taken on a locomotive travelling at a 
speed of 150 km. per hour, and if 
the drivers of the locomotive have a 
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Fig. 1. Typical engine diagram. 
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corrections must therefore be applied to 
take into account the error caused by this 
curvature. Another inaccuracy is introduced 
by the high amplification employed. It is 
not unlikely, however, that instruments of 
this type will come into general use, but 
it will take some time until they can be 
placed in the hands of the ordinary operat- 
ing personnel. In the meantime, it is 
Fig. 2. Typical high speed cine pictures. attempted to improve present day methods 
Left-hand side: During stroke. Right-hand side: At end of stroke. in the following manner : 


The new method consists in photographing, as a 
direct function of the time, the movement of the indicator 
piston and also the position of the engine piston. The 
usual indicator drum carrying the indicator card and 
the usual cords transmitting the motion of the engine 
piston to the indicator drum are therefore dispensed 
with. The most interesting problem was to find a way 
in which to record the exact position of the engine 
piston every time a picture is taken by the camera. 
For the rest, it is sufficient to record the points of time 
at which the piston passes through dead centre. For 


— this purpose a contact is provided which at the end of 





E 


speed of 
cycle of 


A ed 


Indicator and mercury vapour lamp. ig. 5. Set up ready for test. 





Fig. 4. Indicator mounted on engine. 
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the piston stroke is operated by the piston rod of the 
engine. Actuation of this switch extinguishes a mercury 
vapour lamp which normally is burning during the 
entire period of the-stroke. The picture ag by the 
camera at the end of the stroke is therefore cis 
distinguishable (see Fig. 2). 

The piston rod of the indicator is furnished with a 
vernier graduated in 20.divisions of 1.9 mm. each, the 
stationary counterpart being graduated in 20 divisions 
of 2mm.each. This enables the reading off of piston 
movements as small as 1/10 mm. The cinema camera 
used to take the combined picture of the vernier and the 
piston rod of the engine is of the high speed type taking 
6000 frames per second. ‘The indicator itself is shown 
in Fig. 3, while Fig. 4 shows it mounted on the engine. 
The set up including mercury lamp and cine camera 
is shown in Fig. 5. Two indicator diagrams taken with 
10 per cent and 30 per cent cut-off are reproduced in 
Fig. 6, where the corresponding diagrams taken with 
the Maihak indicator are superimposed in broken lines. 
The diagram was plotted from 500 frames which 


MACHINE TOOLS WITH HYDRAULIC CONTOUR FEED DRIVE AND 


ADMISSION 10% 


ADMISSION 30% 





-- MATHAK 


NEW ME THOD 
Fig. 6. Indicator diagrams. 


Left-hand side: 10 per cent cut-off. 
Right-hand side : _30 per cent cut-off. 


represent one charted point for every 43 ft. 


crank angle. 


HYDRAULIC TRACER CONTROL. 


By A. Dtrr. 
Hypravtic feed drive is eminently suitable for contour 
milling machines. With tracer-controlled machines, 
full use can be made of its advantages, such as stepless, 
variable feed rate, protection against fracture under 
overload, rapid and reliable reverse, and shock-ftee 
and vibration-free operation. With surface milling 
machines hydraulic feed by cylinder and piston presents 
no difficulty, but with barrel-roller cutters and form 
cutters the feed rate may easily become uneven and 
jerky. Numerous suggestions have been made for 
obtaining a more uniform cylinder feed in spite of 
variations in the cutting force. Arrangements such as 
the so-called Cincinnati feed drive are usually satis- 
factory so long as variations of feed pressure are slow, 
but they fail with*the sudden shocks inevitable in 
milling. 


HYDRO-MECHANICAL FEED DRIVE. 


The combined hydro-mechanical feed drive shown 
diagrammatically in Fig. 1 combines the advantages of 
both types of drive. The feed cylinder is replaced by 
a strong feed screw which is driven by the hydraulic 
motor either directly or by means of reduction gears. 
This feed drive considerably reduces the oil volume, 
the machine is rigidly locked in position when the 
hydraulic pump is cut off, very small rates of feed can 
be obtained by the use of reduction gears, and the drive 
is also suitable for rotary feed. 


CONTOUR FEED MECHANISMS. 


In contour milling machines with hydraulic feed 
drive, the cross movement essential for contour feed 
may be actuated by a cylinder and plunger, as, for 
instance, with plain milling machines. For big hori- 
zontal contour milling machines a cross-feed drive of 
the combined -hydro-mechanical type will be more 
suitable. It is essential for accurate contour milling 
that backlash in the cross feed’ mechanism is entirely 
absent. The nuts are adjustable for eliminating back- 
lash and the weight of the spindle-head slide is hydrauli- 
cally balanced (see Fig. 2). In die-milling machines the 
cutter feed must be three dimensional and three 
separate hydro-mechanical feed drives are used. 


HYDRAULIC TRACER CONTROL. 


There are two types of hydraulic tracer control for 
automatic hydiaulic contour machining. 


(From Z.V.D.1., 3 February, 1945, pp. 57-63). 
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1. Combined Hydro- 
Mechanical Feed Drive. 


(S) Rate of feed 

(a) Pressure pump 

(b) Control pump 

(c) Rapid traverse pump 
(d) Feed motor 

(e) Control valve 

(f) Balancing Valve 

(h) Relief valve. 
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Fig. 2. Contour Feed Drive on Horizontal Contour Milling 


Machine. 


(a) Hydraulic motor for cross feed ; 
itudinal feed. 


(b) Hydraulic motor for 
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1. The direct control type in which 
the tracer distributes the oil volumes 
steplessly for the two or three directions 
of feed. 2. The indirect .control type 
in which a special contour feed pump is 
used, the tracer actuating the control 
mechanism of the pump. 

Fig. 3 shows a contour milling ma- 
chine with direct tracer control for longi- 
tudinal and cross feed drive. The tracer 
is supplied by a control pump with a 








measured oil volume which is sufficient 
for the desired rate of feed, so that con- 
trolling edges must be very accurately 
finished in order to avoid speed losses. 
The relative rates of feed obtained for 

















different angles within the range of + 90 








deg. are shown in Fig. 4. 





A satisfactory tracer is reproduced in 
Fig. 5. As long as the stylus is free, 
oil from the control pump passes from 











(a) through passage (c) into the cylinder 

of the feed drive motory and the return oil through the 
second passage (d) to exhaust (b). Any lateral move- 
ment of the stylus tilts the disc, causing the hollow slide 
valve to move axially so that the two narrow passages 
are reduced, the oil volume supplied to the cross feed 
motor is lowered, and oil becomes available for actuating 
the longitudinal feed. With the passages completely 
closed the cross feed is at a standstill and the feed 
motion is longitudinal only. 

Further tilting of the stylus causes the central slide 
valve to lift, opening the two upper passages, reversing 
the oil flow from (a) to (d), with exhaust passing from 
(c) to (b), thus reversing the cross feed. This type of 
tracer is highly accurate and so sensitive that deflection 
of a few thousandths of a mm. of the stylus causes a 
considerable oil flow (see Fig. 6). Contrary to the 
Keller electrical tracer, variation of the rate of feed is 
absolurely stepless. 
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Fig. 6. Effect of Movement of Stylus on Oil Volume passing 
; through Hydraulic Tracer of Fig. 5. 

Qre Oil volume supplied by control pump, i.e., supplied to Tracer. 
S’, Longitudinal rate of feed per min. 
— rate of feed per min. 

€ parallel lines indicate the small difference betw th 
a. increased and reduced tilt of stylus. eh acta satan 
a) Oil volume Q; (b) Til ; i 
a ms i,t ) Tilt of stylus a; (c) Rate of feed St with 


Fig. 3. Hydraulic Contour Feed Drive for Slopes up to 90 deg. 
(u) Relief valve ; (a) Vertical feed Sr; (b) Cutter; (c) Cross feed 
cylinder; (d) Oil distribution by tracer valve; (e) Template 
follower ; (f) Control pump.; (g) Longitudinal feed cylinder ; (h) 
template ; (i) Horizontal feed; (k) Work. 


Fig. 4. Range of Action 
of Contour Feed Drive 
shown in Fig. 3. 

(a) Vertical feed Sr 
(b) Horizontal feed 
(c) Range of action. 


Wye 


iN 
a 


W708 


Fig. 5. Hydraulic Tracer. 


(a) From control pump 
(b) Exhaust to oil tank _ 
(c) and (d) Pipe connections to 
from feed motor. 
indicate reversing 
action). 
(1) Dial gauge 
(2) Central tracer valve 
(3) Hollow tracer valve 
(4) Thrust rod 
(5) Disc 
(6) Stylus 
(7) Template. 
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PRACTICAL APPLICATIONS. 


The pump unit and the two feed drive motors may : 
be built into a common case which may be connected, h is Ah gf 
say, to a lathe as shown in Fig. 7. The two feed drives | peat“ ea oe 
are transmitted through universal joints, via lead screw ~ === } Se 
and feed shaft, respectively. 6| SY =) tO 

The horizontal milling machine shown in Fig. 8 is 
equipped for contour milling, ensuring. almost con- 
tinuous operation. Clamping is carried out while 
milling is in progress and the rapid traverse takes only a 
little time. Hydraulic clamping is carried out simul- 
taneously for 16 connecting rods. The same tracer is 
used for both sides of the conrecting rods ensuring a Fig. 7. Lathe with Attached Unit for Contour Turning. 
symmetrical finish and coinciderce of contours at the (a) Hydraulic tracer; (b) Stylus; (c) Template; (d) Lead 
‘eed shaft for cross feed ; (f) Motor 


; ; i9 i ; screw for longitudinal feed ; (e) 
top. The cutter spindle of 8 in. dia. is driven by a Siuus al caus > Fold Gees, i) lendealie woe in 


30 h.p. motor. longitudinal feed; (i) H ic motor for cross feed. 
Another example of the use of the hydraulic tracer = <i aaciaainsie - 

reproduced in Fig. 5 is a contour boring machine with 

three boring heads arranged radially around the work. 

The cross movement of the tools fixed on cross slides is 


carried out hydraulically. 
































Fig. 8. Heavy Horizontal Milling-Machine. 


(Sp) Clamp; (L) Unclamp; (a) Cutter head slide rapid traverse 

upwards; (b) First clamping position (4 works each); (c) Table 

return traverse; (d) Cutter; (e) Downwards; (f) Second 

clamping position ; (g) Table control; (h) Feed control template ; 
(k) Conirol pump for feed Drive. 
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Fig. 9. Contour Feed Pump for any given direction of feed, 
embodying free pistons which guarantees a high degree 
of accuracy in supply. 
(A) handwheel for changing position of wobble plate and rate of feed. 
(a) Cutter; (b) Clamping table; (c) Feed pump; (d) section 
A-B; (e) Free piston; (f) Wobble plate; (g) Cross slide. 
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Fig. 10. Contour Milling 

Machine with Mechanical 

Feed Drive and Hydraulic 
Tracer Control. 

(a) Work 

(b) Tracer 

(c) Feed control 





(d) Feed worm 
(e) Vertical feed transmission 








(f) Horizontal feed transmission 








(g) Template. 
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ALL-OVER CONTOUR. MILLING WITH 
HYDRAULIC FEED DRIVE. 


This type of machining is highly satisfactory. A 
new contour feed pump for any chosen direction of feed 
has been evolved from the “‘ hydromatic ” feed pump. 
The oil volume is distributed sinusoidally, so that the 
resulting rate of feed is always constant. Turning the 
hand wheel (see Fig. 9) varies the direction of feed, 
whilst changing the inclination of the wobble plate 
varies the stroke and with it the rate of feed. The free 
pistons of the pump are actuated by the hydraulic 
medium supplied by a gear pump and are moved 
between adjustable stop pins. The accuracy of feed is 
extremely high, and the direction of feed responds to 
the slightest turn of the hand wheel. 

This arrangement has been applied to a new type 


of contour milling machine for wood patterns. The 
feed is taken from drawings, the operator following the 
optically enlarged curves or contours with an enlarged 
image of the cutter. The handwheel may also be 
operated by a suitable tracer arrangement. 

Fig. 10 shows a heavy contour milling machine with 
hydraulic tracer control. Longitudinal and cross feed 
drive mechanisms are mechanical and include a positively 
infinitely variable transmission, each combined with 
planetary gears for plus and minus stepless variation 
through zero. The positively infinitely variable gears 
are controlled sinusoidally by a wobble plate which is 
actuated by the hydraulic tracer fitted to the milling 
table. «A similar hydraulic tracer control has also been 
used with success on a heavy rotary milling machine 
for crankshafts. 


SOME OBSERVATIONS ON THE EXTENT TO WHICH THE PRO- 
PERTIES OF SINTERED COMPACTS ARE AFFECTED BY THE MODE 
OF PRODUCTION OF IRON POWDER. 


By W. Dawtnt and U. Scumipt. (From Stahl und Eisen, Vol. 65, No. 1/2, of 4th January, 1945. 


THE properties of iron powder vary according to the 
mode of production and a given type will usually be 
found most suitable for a particular purpose. In 
deciding which type of iron powder to use it will be 
necessary—from the economic point of view,—to take 
into account the cost of production of the powder as 
well as the manufacturing cost of the finished product. 
The process of pressing and sintering will have to be 
adjusted according to the type of powder used if the 
finished product is to have the required properties. 
The following is an attempt to assess the extent to 
which the process of pressing and sintering can influence 
the properties of the various types of iron powder. 
ase were made with the following types of iron 
powcer :— 


Group I.—MEcHANICAL DISINTEGRATION. 
Cold Methods: 1. Crushing, producing Crushing 
Powder. 


2. Milling or Stamping, pro- 
ducing Stamping Powder. 


WarM METHops: 3. Atomizing or Spraying, pro- 
ducing Atomizing Powder. 
Group II.—CHEMICAL PRODUCTION. 

1. Reduction by Hydrogen, producing Reduction 
Powder. ; 

2. Reduction by Hydrogen under pressure, pro- 
ducing Pressure-Reduction Powder. 

3. Reduction of Iron Ore by Carbon, producing 
Sponge Iron. 

TABLE 1.—CHEMICAL COMPOSITION AND SHAPE OF PARTICLES, 





Mode of | | Soluble 
Production | Shape of Particles. % C. | in arr 
| } 0 





Crushing .. | Angular, mostly dense 
| _ particles “<a ree 
Stamping .. | Flakes or leaves .. 


Atomizing .. | Spheroids, diaplets 
Reduction .. | Fine,chain-formingcrystals 
Pressure- particles with 
Reduction | ie pores “a 
Reduction of ; 
Iron Ore .. | Irregular spongy grain .. 














Table 1 shows the chemical composition and the 
eaee of the particles of the iron powders referred to 
above. 


TABLE 2.—RELATION BETWEEN VOLUMES OF PORES AND SINTERING 
TEMPERATURES AT 6T/CM* COMPACTING PRESSURE. 





Volumes of Pores %. 





Mode of 


Production Sintered Soancing 3 Temperatures de; 


leg. C. 
1000 1200 1450 





ream Reduction 
aapeen of _ 
re “ k 

















Table 2 shows the considerable influence of the 
mode of production on the compressibility and on the 
decrease of porosity. Next to the reduction powder, 
the crushing powder and the sponge iron are most 
suitable for dense compacts. The fine crushing powder 
produces sintered compacts of higher density than the 
coarse one despite the fact that the fine powder shows a 
greater volume of pores. Accordingly the loss of 
volume will be greater.in the case of the fine powder. 

The typical structure of the original powder is 
clearly recognisable in the sintered product, e.g., the 
fake-like shape of the particle of the stamping powder 
is still visible after two hours’ sintering at 1400 deg. C., 
and begins to disappear only after 10 hours’ treatment 
at this temperature. The growth of the particles 
begins at varying temperatures up to 1200 deg. C., 
beyond which, however, no material differences can be 
observed. Metallographic tests proved that the mode 
of production of the iron powder influences the capacity 
for sintering in varying degrees. 

Hardness was determined next to investigate to what 
extent the technological properties of the compact are 
influenced by the structure of the powder. Determina- 
tion of Brinell Hardness did not seem suitable because 
of the varying size and distribution of the pores. The 
hardness was therefore measured with the Hanemann 
Micro-Hardness meter!. As the mode of grinding and 
polishing influences the hardness of the sintered com- 
pact measurements of hardness were first made for 
varying times of grinding and polishing. In confirma- 
tion of the results obtained by Hanemann the lowest 
degree of hardness was found to result from a long 
polishing time without pre-polishing. Microscopic 
examination failed to reveal any clear formation of 
pores after a long polishing time. For purposes of 


TABLE 3, —MICRO-HARDNESS OF IRON POWDERS AND THEIR SINTERED COMPACTS.* 
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comparison a polishing time of one hour was chosen 
for all test pieces. 

The Micro-Hardness tests- of sintered compacts 
(Table 3) show the following results :— 


(A) The hardness of the sintered compact is con- 
siderably less than that of pure molten iron, with 
the exception of those prepared from stamping 
powder, which forms hard compacts. 

(B) The change of form resulting from pressing at 
high compacting pressure still exists, even after 
two hours’ annealing at 1400 deg. C. 

(c) The hardness of the ferrit crystals depends to a 
marked degree on the mode of production of the 
powder. 

(D) The high degree of hardness of the sintered 
compacts from stamping powder is not influenced 
by high compacting pressure. It is worth 
noting that the hardness decreases only after 
prolonged annealing time at high temperatures 
when the material forms polygonal crystals. 


The greater hardness of the products made of pure 
molten iron (as compared with sintered compacts) was 
proved several times. It was also found that iron 
powder (crushing powder) if melted and cooled quickly 
to the point of solidification and then further cooled 
slowly shows greater hardness than sintered compacts 
made of the same powder. A heat treatment corres- 
ponding to sintering will render it possible to decrease 
the hardness of the material from which it follows that 
the high degree of hardness is probably caused by 
internal tensions. 

X-ray examinations of various sintered compacts 
showed that tensions remained even where the compacts 
were produced at high temperatures. In so far as the 
available results permit an explanation it seems that the 
great hardness of the ferrit crystals of the sintered 
compacts is the result of tensions which arise when the 
crystals grow together through sintering. This may be 
particularly so where the shape of the particles is uneven 
which would account for the relation between hardness 
and mode of production of iron powder. 

It has further been found that the crushing and 
atomizing process yields the softest ferrit crystals. 

To investigate the capacity of change of form, cold 
forging was applied. The apparatus was a simple 
hammer. It was previously found that the size of the 
particle within the limits 10 to 100 pm has very little 
influence on the upsetting behaviour. Test pieces 
produced with different compacting pressure and 
sintered to equal porosity showed the considerable 
influence of the compacting pressure within the limits 
1 to 6 t/cm*® on the capability of upsetting even at 
sintering temperatures of 1450 deg. 
This shows again that the tensions caused 





MICRO-HARDNESS Hg0 [L. 





Powder. 
Original.| Annealed 
at 


Sintered Compact. 
Mode of Production. 





Compacting 
Pressure 


1400 deg. C. 
It/cem.? 6t/cm.? 


a 
Annealed 
1400 , Cc, 


by pressing have not disappeared even 
after two hours’ sintering at 1450 deg. C. In 
examining the influence of the porosity it was 
found that when upsetting the test piece the pores 
were compressed without changing the form of 
the crystals, providing the compact was highly 
porous. 

To investigate the influence of the mode of 





110 
n.m.t 
98 
n.m. 
n.m. 
120 


Crushing (fine = hesae! 


Atomizing 
Reduction 
Pressure Reduction os 
Reduction of Iron Ore .. 

















135 
153 
134 
123 
126 


production of the iron powder on the capability of 
upsetting it was necessary to have compacts of 
equal porosity, i.e., of equal volume of pores. To 
obtain this the various types of powder had to be 
sintered at different temperatures. Again the 





* The figures do not represent absolute Hardness, but rae be used for 
ter no 
. annealed, 120; 2 hours at 1400 deg. C. 


comparative purposes. Figures for pure molten iron are: 
procedure, 240; 2 hours at 1400 deg. 


annealed and slowly cooled, 113, 
+ Not measurable. 


+ Micro-hardness is 170 after 10 hours’ sintering at 1400 deg. C. 





1 ‘Hanemann, H. and E, S Sys gad Z. Metallkd. 32 (1940) 


variation on the size of the particles showed no 
notable influence on the results. The upsetting 
was continued until cracks could be seen. With 
increasing hardness of the ferrit crystals increas- 
ing formation of cracks was observed. After the 
process of upsetting the differences in the shape 
of the particles of the various powders could no 
longer be observed, 
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Flexure tests were made and it was found that here, 
too, the change of form of the compacts made of the 
various types of iron powder depended on the com- 
pacting pressure. It is worth noting that especially 
at low compacting pressures (0.3t/cm*) and sintering to 
a porosity of 7 per cent no change of form and no 
formation of cracks could be observed, even if the test 
piece was bent to 180 degs. Only a compacting pressure 
of 3t/cm*, or forging with following re-crystallisation, 
caused elongation of the crystals when bent but to a 
lesser degree than for test pieces of forged iron. It may 
be assumed that the adhesive forces between the crystals 
are negligible at low compacting pressures which 
enables the crystals to glide past each other. 

The results of these upsetting and flexure tests are 
in agreement with the results of the hardness tests : 
the differences in structure will not disappear by mere 
sintering. 

SUMMARY. 


The results of the investigation is that the influence 
of the mode of production of the iron powder on the 
structure (shape of particles, porosity and distribution 
of pores) and on the micro-hardness of the sintered 
compact cannot be nullified by sintering to tempera- 
tures up to 1450 deg. C. In particular the distribution 
of the pores depends on the mode of production of the 


powder in so far as those powders which are produced 
from molten iron show an even distribution of pores, 
whereas the other types of iron powder yield compacts 
with unevenly distributed pores. As shown in the case 
of the crushing powder a too intensive change of form 
by cold methods hinders the fusion of the ferrit crystals. 
The observations resulting from the tests of micro- 
hardness may be explained by the assumption that 
additional tensions arise when the crystals grow to- 
gether, tensions which depend on the mode of production 
of the powder and which may be termed as sintering 
tensions. They seem to be responsible for the relation 
between micro-hardness and method of production of 
iron powder. Accordingly the technological properties, 
i.e., capability of changing the form are influenced by 
the type of powder used. 

When comparing the energy and labour require- 
ments for the various methods of producing iron 
powder, it is necessary to take into account not only the 
compressibility of the powder, but also the expense of 
the further process required to obtain sintered compacts 
of the desired properties. Thus it is possible by the 
use of crushing powder and atomizing powder to obtain 
by a simple sintering process a degree of softness of 
ferrit crystals and suitability for change of form which, 
with other types, could only be achieved by forging and 
re-crystallisation. 


A NEW GRAPHICAL METHOD OF REPRESENTING STRENGTH 


CHARACTERISTICS. 
By A. MeELpAHL. (From The Brown Boveri Review, Vol. 31, No. 8, pp. 260-267). 


THE state of stress in a solid body is completely 
defined when the three main stresses as well as their 
directions are given. If the solid is isotropic, the 
directions are of no consequence for the resultant stress, 
and the latter then is already fully determined when the 
three main stresses are given. 

According to the method of Haigh and Westergaard, 
the three main stresses are employed as co-ordinates in a 
three-axis system of co-ordinates. Each point in space 
then corresponds to a particular state of stress (Fig. 1). 
If the body is isotropic, and therefore the three main 
stress directions equivalent, a particular state of stress is 
represented by six different points which are obtained 


0} + 0+03= constant 








ig.1. Representation of the state of stress in a solid body. 
(According to Haigh and Westergaard.) 
61,0263 = Main stresses. 
A = Point in space representing the state of stress 
(61, Oa, 63). s : & 
Positive space diagonal 1 making with all three axes 
the angle arc cos (1/ V 3) = 54 deg. 45’. 
O1+6:+603 = Constant ; plane through A perpendicular to b. 
O’ = Point of intersection of b through this plane. 
r’ = Distance of b from A. 


by permutation of the three main stresses. These six 
points lie in a plane given by the equation o,.+ 62 +63 
= constant, which is normal to the space diagonal 
0, = 62 = O; Of the positive octant. The three planes 
Oz—03;= 0; 63;—0,=0, and o,—o, = 0, 
which pass through the three axes and the space diagonal, 
are evidently planes of symmetry. 

It is very convenient to represent these co-ordinates 
axionometrically, the normal isometric projection being 
employed for this purpose. In this method of repre- 


\ 


0; + 02+03= constant 





Fig. 2. Representation of the state of stress in a solid body. 


(According to Haigh and Westergaard). 


—— 91, O» O3 Main stresses, . 
Oy’ O2'. 03’ Projection of the main stresses on the plane 


0:1+06:+G3 = constant. 
A = Space point representing the state of stress 
(Gu, Ox, 3) £ 
b Positive space diagonal making with all three axes 
the angle arc cos (1/ V3) = 54 deg. 45’ and 
erpendicular to the plane 61+62+63 = constant. 
Oo’ Projection of the origin O on the plane 6,+62+ 63 
= constant. 
Y= Distance AO’; given by the vector sum of 6,’, 6,’ 


and O63’. 
p = Angle between 6,’ and r’. 
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sentation the space diagonal 6, = 6, = 6; is normal to 
the plane of projection and is, ‘therefore, projected on to 
the origin. The three positive co-ordinate axes make 
angles of 120 deg. with one another. They represent at 
the same time the projections of the three planes of sym- 
metry (Fig. 2). 

In order to find in this representation the point 
013 G23 6; it is evidently sufficient to set off the three 
main stresses along the directions of the axes and to add 
them vectorially. The end of the resulting vector is 
then the point representing the particular state of stress. 

The co-ordinate normal to the plane of projection 
can be given immediately. The perpendicular distance 
of a plane normal to the space diagonal and passing 
through the point 6}, 2, 63 isO — 0’ = (6, + 62 +05) 
(Fig. 2). States of stress differing only by the super- 
position of hydrostatic pressure are therefore projected 
on to the same point. 

The expressions for the polar co-ordinates of the 
resultant point which can be easily calculated are then 
as follows :— 


a, Sees 45 — | (6:—62)* +(62—03)?+(6;—0;)* 


(O2—6s3) 








y = arc tan 4/3 
sf (6;—62) —(6s—0)) 


It follows from these that the radius is a measure of 
the size of the Mohr stress circle, while the angle 
determines the shape of the Mohr diagram ; all points 
on the same radius therefore correspond to the same 
form of the Mohr diagram. For instance, if g = 0, the 
two small main stresses are equal (for example tension 
along one axis; compression along two axes); for 


gy = 27 
—————, the median main stress is the arithmetical 
12 = 30 deg. 
mean of the other two (for example pure shear stress in 


7 
a boiler shell); and for = ——- = 60 deg., the two 
6 


large main stresses are equal (for example compression 
along one axis; tension along two axes). This re- 
presentation, therefore, gives immediately a picture of 
the state of stress. 

In regard to the scales, the following holds good : 


+O) 





Fig. 3. New representation of a state of stress. 

Ow» Cn Gs = Main stresses. 

Og = “ Comparison stress.” 

@ = Angle between r and 6;. 

A = Image of the space point representing the state of 

stress 01, Ox, Os. 
The co-ordinate of the point A ‘perpendicular to the plane of the 
paper is (6,+02:+03). 


Because of the isometrical projection, the length scale 
of the three main stresses is shortened in the ratio 


- 
i -. As, however, this holds for all three axes, it is 
3 


evidently convenient to leave out this factor and to set 

off the three main stresses directly along the three axes 

making an angle of 120 deg. with one another (Fig. 3). 
3” 

The radius r, is then increased in the ratio J = Sead 
2 


we have, therefore : 





sea Y VE J (o,—62)?+(62.—63)?+(6;—o,)” 





-/ 6,?+0,?+6;*—o,; O2—02 O3-—-03 01 


It is also convenient to use another scale for the 
scale perpendicular to the plane of projection, or in other 
words for the level. In place of the distance from the 

(6, + G2 + Gs) 


VS 
simpler to give only the value o, + 62 + 63 = 3p. 
The state of stress is fully defined by stipulating the 
position and the level ; at the same time similar states of 
stress are correspondingly and clearly set out. 

The strength characteristics of any material can be 
very clearly represented in a similar manner. All points 
corresponding to states of stress such as the proportion- 
ality limit, the yield point or the rupturing point con- 
stitute surfaces which then illustrate the strength 
characteristics of the body for all possible stress con- 
ditions. If the material is isotropic, the strength 
surfaces are symmetrical about the space diagonal and 
the three axes ; it is then sufficient to know one sixth of 
the surface, after which, by drawing the mirror image to 
the symmetry planes, the complete surface may be 
obtained. The exact form can only be determined 
experimentally. 

The strength surfaces are best represented by means 
of contour lines. It may be generally assumed that 
these contour lines never intersect and that beginning 
from a summit each progressively decreasing value of 
6, + 62 + 63 = 3p completely envelops the preceding 
one. If the contour levels intersected one another this 
would mean that at this point an additional hydrostatic 
pressure would increase the danger of rupture, which is 
contrary to all experience obtained so far. A summit 
must be assumed, as no material can withstand un- 
limited tension stresses ; towards the rear, the surfaces 
remain open, because, as shown by experience, 4 
compressive force acting equally in all directions never 
leads to rupture. 

In order to be able to judge whether a particular 
state of stress is admissable or not, it is only necessary to 
determine where the corresponding point lies in relation 
to the strength surface. This is easily possible: it is 
sufficient to set off the three main stresses 6), 62; 03 
along the axis directions and then to add them vectorially 
to a “comparison stress”? og. The end point of the 
resulting vector then gives a point in the axionometric 
projection which can be directly compared with the 
contour line for (6; + 62+ 3). If the point lies 
outside the contour line, the state of stress is inad- 
missible ; if it lies inside the line, the “‘ factor of safety ” 
can be measured directly. 

A valuable extension of the contour line method of 
representation consists in using meridian sections instead 
of contour lines. For this purpose, the radius vector r, 
or what is the same thing the ‘‘ comparison stress ”’ 6g is 
drawn as a function of 6, + o2 + 63 = 3p where the 
angle » between the radius vector r and the axis + 9; 





plane through the origin 5 it is much 
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Fig. 4. General rupture hypothesis of Mohr. 


serves as a parameter. In the case of an isotropic 
material, it is sufficient to draw the meridans for 
0< o < 60 deg. 

Generally, there are not sufficient experimental 
results available to enable the shape of the strength 
surface to be determined completely. For this reason, a 
number of rupture hypotheses have been put forward in 
the course of time, the contents of which can be made 
very clear by the shape of the corresponding strength 
surfaces. They may be divided into three groups: 

1. (a) The hypotheses of the maximum main stress. 

(b) The hypothesis of the maximum main ex- 
tension (of St. Venant). 

These hypotheses lead to triangular contour 


lines. 
(a) The hypothesis of the maximum shear stress 


(Guest). 
(b) Generalized by Mohr (Fig. 4). 
These hypothesis lead to hexagonal contour 


es. 
(a) The hypothesis of the maximum energy of 
deformation (von Mises). 
(b) Generalized by Schleicher (Fig. 5). 
These hypothesis lead to circular contour lines. 
It follows already from the general considerations 
exposed in the beginning of the article that the hypo- 
thesis of group 1 can only come into consideration for 
brittle materials, the compression strength of which is 
considerably superior to the tensile strength, and even 
for these only in the region of the summit because in 
other parts the contour lines soon extend beyond the 
compression strength which is contrary to experience. 

The only difference between the hypotheses of 
groups 2 and 3 is the difference between a hexagon and a 
circle, which is so small that it is of no importance for 
technical purposes. All the same careful experiments of 
different investigators indicate that for tough materials 
the circular form corresponds better to reality. 

Because the hypothesis of Guest and von Mises 
assume a cylindrical shape for the strength surfaces, 
they become very simple in the new representation ; all 
contour lines coincide and the hypothesis of Guest is 
tepresented by a single hexagon and that of von Mises by 
a circle. e hypotheses assume, as is known, equal 
tension and compression strengths and, because cylin- 
drical surfaces have no summit, they can be used only in 
the region 

2 Op < 6, + G2 + 63 <2 Gz. 

It is of course possible to represent the rupture 
hypotheses by meridian sections, but this method is not 
very suitable for the hypotheses of the groups 1 and 2. 
On the other hand the hypotheses of group 3 which lead 


Fig. 5. General rupture hypothesis of Schleicher. 
to circular contour lines may be represented by a single 
meridan section. The hypothesis of von Mises can be 
represented by a straight line parallel to the axis, while in 
the case of Schleicher’s hypethesis the shape of the 
meridian curve must be determined by experiment. 
The representation is not in any way limited to 


Og 


kg/mm? 
20+ 

+0; 

10 g =0 (04) 


0; +.0)+03= 3p 
10 kg/mm? 








+ 6);+ 03 
4 =120" (o)) 
=240° (03) 


0} +0)+03=3p 





T 
10 kg/mm? 





Fig. 6. Strength of a laminated material. 
Meridan_ sections of the strength surface 
Top: ~ = 0, i.e. tensile and compression tests perpendicular 
to laminations. 
Bottom: @ = 2717/3, 4 7/3, ice. tensile and compression tests 
parallel to the laminations. 
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Fig. 7. 

Stre: of a 
laminated 
material. 

Representation of 
the strength surface 
by contour lines. 

he meridian sec- 
tions are taken from 
Fig: 6. Direction 
cosines of the per- 

ndiculars to the 
laminations cos , 
= 1, cos &: = 0; 

cos X3 = 0. 
+0; 





isotropic materials. It is also possible to represent the 
strength characteristics of non-isotropic material, 
although in this case there is a different strength surface 
for each position of the axes of the material relative to 
the main stress directions. The Figs. 6 and 7 for 
laminated material will serve as an example. In Figs. 6 
and 7 one main stress is perpendicular to the laminations 
(Fig. 7). The meridian sections Fig. 6 have been 
drawn as well as was possible from the available strength 
data, and from it the contour lines of Fig. 7 were derived. 
In Figs. 8 and 9 all three main stresses make an angle of 
35 deg. 15’ to the sheet ; the positive space diagonal is 
perpendicular to the plane of the laminations (Fig. 9). 
The available data are in no case sufficient to-enable the 
strength surfaces to be determined ; the figures should 
be looked upon only as examples. All the same, it can 
be clearly seen, how in the case of a non-isotropic 
material, the strength surfaces shrink when the main 
stress axes take other directions than the isotropy axes. 


% 


kg/mm? +0; t02;+0 


0 +02+03=3p 





50-20 LU) 


T 
10 kg/mm 





Fig. 8. Strength of a laminated material. 
Meridian section of the strength surfaces —p =0, 2717/3, 4717/3, Tensil 
and compression tests at 54 deg. 45’ to the perpendicular to the 
laminations. All three meridian sections are equal for reasons of 
ne symmetry. 
2 


Fig. 9. Strength of a 
laminated material 
Representation of the 
stre: surface by con- 
tour lines. The meri- 
dian sections are taken 
from Fig. 8. Direction 
cosines of the perpendi- 
cular to the laminations 
cos ,=1/V 3, COS O,= 


V3, = 1/¥ 3. 
o,+0)+0}=3p | 3,.cos X3 = 1/V 3. 


It is, therefore, very important in the case of anisotropic 
materials to make the axes of isotropy of the material 
coincide as nearly as possible with the three main 
stresses, so that the valid strength surface shall be as 
large as possible. 


RADIAL AND LATERAL REACTIONS ACTING UPON THE WHEELS 
OF A MOTOR CAR. 


(From E, A. TsupaKov’s Book, ‘‘ Theory of the Automobile,” Moscow, 1944, pp. 92-103). 
(Continued from the September issue). 


IN the preceding instalment it was pointed out that 
in general it is difficult to establish a precise analytical 
determination of the radial reactions. These diffi- 
culties, however, do not exist to anything like the same 
degree in cases where the frame is connected with the 
front axle in the manner indicated in Fig. 25. In this 
case the radial reactions acting upon the front wheels are 
given by 

2 


X = 0.5 X, + ri aks .. (47) 


h 
X= 05% — ¥, = ul ill 


Here the force distribution on the rear axle will be 
similar to that indicated in Fig. 23*. The moment M, 


acting upon the frame of the vehicle is given by N . h, 
and this moment is taken up by the rear axle. There- 
fore the reaction X,’ and X,” will be 
N..h, + Yo he 
X,’ = 0.5 X, + — .. (49) 


N .h, + Yo he 
X,” = 0.5 X, — ————_ -. 
B 

In order to verify the analytical expressions found for 
X,’, X1", Xo’, and X,”, a special test was made with the 
use of the testing device described in the September 
issue (Fig. 13). The test results are given in Figs. 18* 
and 19*, which show the relationship between the radial 





*These 3 figures are repeated from the September issue. 
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Fig. 25. Diagram of forces acting upon front axle with 
” vehicle passing through curve. 
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Fig. 23. Deformation of springs and tyres of car passing 
through a curve. (Rear axle). 


reaction X,’ and the lateral force N. The following 
type sizes were tested : 
Curve (1) Tyres 28” x 4.75”, air pressure 1.8 atm. 
% Tyres 28” x 4.75”, 5, ! 
‘Eyres 25° X55", 5, gs ZO 3 


© 100 200 300 400 S00 600 700 800 900N) 


Fig. 18. Experimenta determination of X’2 versus N for 
inside wheel of rear axle. 


© 100 200 300 400 500 600 700 800 S00Nkg 


Fig. 19. Experimental determination of X’2 versus N for 
inside wheel of rear axle. 


sil 
and X/I= 05 as oe ‘a ae 


From Figs. 18 and 19 it will be seen that the influence 
of the tyre size and the tyre pressure and of the shock 
absorber is practically without effect upon the magni- 
tude of the radial reactions. It is also seen that the 
analytically obtained curve (5) lies somewhat below the 
test curves. This discrepancy may be explained by the 


sonic “Eyres 20° X 5.5"). 5 ye 7) ae fact that the component of N influencing X, was not 

ns oial and shock absorbers. chosen with sufficient accuracy or that the application of 
pon Curve (5) gives the analytical relationship between the force N led to a variation in the distance B. 
be as the radial reaction X”, and the lateral force N. These When applying an horizontal force to the vehicle in 


ELS 


curves are established on the assumption that the in- 
fluence of the lateral force N upon the radial reactions X 
is displayed in such a manner as if it were composed of 
two forces which are proportional to the distances a and 
b between the centre of gravity and the respective axles, 
each of these forces acting separately upon the respective 
axle at the level of the centre of gravity. This means 
that forces Y, and Y, act upon the front and the rear 


the way it was done in the test set-up, a variation is 
caused in the parameters which are used in the analytical 
determination of the radial forces X,’ and X,” (equa- 
tions 51 and 52). In particular there occurs a dis- 
placement of the centre of gravity of the vehicle and also 
a displacement of the point of contact between tyre and 
ground. These displacements are illustrated in -Fig. 
26b, where the centre of gravity is seen to have shifted 








N . Ii axle respectively, the forces acting at the level hg. from C to C, because of the tilting of the body of the car 
[here- In Fig. 26 is shown the direction of the forces acting (a) (b) 
upon the rear axle of the vehicle, the force Y, acting at 
the elevation hg. It is 
(49) hg 
X,’ = 0.5 P. -++ Y; —— 
B 
(50) he ) 
and xX,” = 05X,—Y,— (51) | 
ind » B | 
ith the The corresponding reactions applying ‘to | 
_— the front a are wr 
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ay = 0.5 xX, fe ye — 
e, B Fig. 26. Diagram of forces acting upon rear axle in curve, 
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Displacement, mam 
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Fig. 27. Displacement of centre of vity and points of 
wheel contact of rear wheels mal influence of lateral force 


under the influence of the laterial force N. The latter 
is seen to have also caused a deformation of the tyres, so 
that the original distance B between the points of con- 
tact of the tyres is now replaced by the distance B,. 

Fig. 27 exemplifies various displacements caused by 
the application of the lateral force. The following 
curves were obtained : 

A, The displacement of the centre of gravity of 
the spring supported body of the vehicle. 

B. The displacement of the rear axle of the car. 

C. The displacement of the point of contact of the 
inside wheel of the rear axle. 

D. The displacement of the point of contact of the 
outside wheel of the rear axle. 

These curves were obtained with tyres of 28” x 4.75”, 
and with a tyre pressure of p = 1.8 kg. percm?. The 
fact that the displacement of the point of contact of the 
inside wheel is larger than that of the inside wheels 
signifies that the distance B between the wheels is de- 
creased. Fig. 28 shows the relationship between B and 
N for various tyre sizes and pressures, the test conditions 
being the following : 
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Fig. 28. Relationship between gauge B of oe tyres of the rear 
le and lateral force 
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(1) Tyres of 28” x 4. 74, ago pressure 1. mg ya per sq. cm 

(2) Tyres of 28” x 4.75”, ,, % 

(3) Tyres of 29” x5. 5” Aa cS .: F = 

(4) Tyres of 29°x5.5"  ,, a9 lS 
shock absorber installed. 


The method used to determine the point of contact 
of the tyres is indicated in Fig. 29. Here the tyre is 
seen to rest upon the surface 3. Two thin boards 
(1 and 2) are placed along the sides of the tyre so that the 
width (a) can be measured. From Figs. 27 and 28 it 
follows that with the application of large lateral forces, 
as, e.g., 500 kg., a change occurs in the character of the 
variation of the centre of contact of the tyres as well as of 
the centre of gravity. This change is due to the fact that 
the less loaded wheel, that is, the inside wheel of the car, 
begins to slip when N is increased above a certain value 
which in the example considered is 500 kg. From this 
point onward an increase in N ceases to cause a corres- 
ponding increase in reaction Y,” and the entire increase 
in N goes to augment the reaction Y,’. This also leads 
to an increase in the displacement of the point of contact 
of the outer wheel, its tyre undergoing a larger lateral 
deformation. 

The influence of the displacements of the centre of 
gravity and of the variation in the distance B upon the 
radial reactions X,’ and X,” is exemplified by the in- 
dividual curves given in Fig. 30. The distribution of 
forces upon which this graph is based is indicated in 
Fig. 31. Here Z is the distance between the line of 
radial reaction X,” and the vertical passing through the 
centre of gravity of the vehicle, and B, is the actual 
distance between the points of contact of the wheels, 
taking into account the deformation of the tyres. The 
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Fig. 30. Relationship between radial reaction X,’ and lateral 
force N. 
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Fig. 31. Forces acting upon rear axle taking into account 


displacement of centre of gravity and change in gauge due to 
deformation of tyres in curve. 











actual elevation of the centre of gravity is given by the 
vertical distance hg’. The radial reaction X,’ will then 
be 


Zz he’ 
oo = X,— + Y2— .. -- & 
B, 1 
This formula was used to compute the reaction force for 
different lateral forces N and different test conditions. 
The curves 1, 2, 3, and 4 shown in Fig. 30 show values 
for.X,’ obtained concurrently with the tests upon which 
the corresponding curves given in Figs. 18 and 19 are 
based. The curves 1’, 2’, 3’, and 4’ in Fig. 30 were 
computed from formula (53). Referring to Fig. 30, it 
will be seen that good agreement exists between the 
theoretical results and the actual tests. Particularly 
good agreement is seen to obtain with the lateral load 
N = 500 kg., which represents the load at which lateral 
skidding of the inside wheel of the rear axle commences, 
this wheel being subjected to the smaller radial reaction. 
It follows that the assumptions made with regard to the 
distribution of the lateral force N over the axles are 
sufficiently accurate for practical purposes. But there 
remains, of course, the influence exerted upon the 
radial reactions by the shifting of the centre of gravity 
of the vehicle and of the variation in the distance B, 
that is, the gauge. But the magnitude of these factors 
must obviously depend upon the design of the vehicle, 
and in particular upon the type of suspension used. 
The lateral forces Y, and Y, introduced in formulae 
(51) and (52) in accordance with the conditions of the 
test constitute component forces of the lateral force. 
In this way the forces Y, and Y, are equal to the lateral 
reactions set up if the vehicle passes through a curve at 
constant speed. The forces Y, and Y, can therefore 
be computed from the relations 
Y, 


G, 

’ In the case of non-uniform motion of the vehicle in 
the curve, or in the case of the vehicle passing through a 
curve of varying radius, the lateral reaction Y, and Y, 
will vary under the influence of the moment of inertia 
M; (Fig. 3). Therefore one of the reaction forces will be 


: M; 
Increased by the amount ——, while the other is di- 
L 


Minished by this same amount. However, trial com- 
putations show that the influence of this factor upon the 
Magnitude of the lateral reactions is relatively slight. 
The assumptions made with regard to the influence of 
the lateral reaction Y upon the radial reaction X will 
therefore henceforth be extended also to the case of non- 
uniform motion of the vehicle ; and the forces Y, and 
Y, appearing in equations (51) and (52) will be assumed 
to equal the reactions Y, and Y, as given by the equa- 
tions (20c) and (21c). 

_. We therefore arrive at the result that for the deter- 
mination of the radial reactions, the total lateral reactions 
acting upon the axles shall be taken to apply at the level 
of the centre of gravity of the vehicle, and the equili- 


brium of each axle shall be considered by itself. But in 
putting forth this argument we do not quite take into 
account the possibility of a non-uniform distribution of 
the traction forces upon the driving wheels. Therefore, 
the method developed above for computing the radial 
reactions holds true only in the case where the tractive 
forces are either non-existent (as in the test set-up) or 
where the tractive forces are evenly distributed. It is 
upon either of these conditions that the equations (51) 
and (52) and the diagram of the force distribution (given 
in Fig. 26) are based. 

However, our investigation is concerned with the 
case of a non-uniform apportionment of the tractive 
force to the two wheels. Therefore the total reactions 
Y, and Y,, acting upon front and rear axle respectively, 
will differ in accordance with the non-uniformity of the 
apportionment of the tractive force Pp to the driving 
wheels. Consequently, one of the two lateral reactions 
will be increased in accordance with the magnitude of 
the coefficient k which determines the distribution of 
the driving force upon the two driving wheels; the 
other lateral reaction will correspondingly decrease in 
magnitude. If the coefficient k is larger than 0.5, the 
reaction Y, acting upon the front axle will increase 
(formula (20)), while the reaction Y, acting upon the 
rear axle will decrease (formula (21)) by an amount Y,. 
This amount Y, can be determined by having recourse 
to Fig. 3. If we assume the tractive force Pp” to be 
larger than the force P)’, we find that relative to point B 
it is 


B 
oe ee 


P,’ P,’” 
As k= — = ——_ 

Pp Py + PS 

and P,” = (1—k) Pp 
we can write 


shy =k. Fy 


B B 
Yo = Pp (2R—1) —= yp. G.(2kR—1) — (54) 
2L 2L 


By replacing the weight G by the weights G, and G, 
supported by front and rear axle respectively, we have 


B B 
Yo=yp - G, . (2k—1) — =yp. G, . (2 k—1) — (55) 
26 2a 


The influence of this lateral force upon the radial 
reactions X is not, however, the same as that of the 
lateral reactions Y, and Y,, as these forces act upon the 
vehicle in different planes. Also, the influence of the 
force Y, upon the radial reaction X depends to a con- 
siderable degree upon the rigidity of the body of the 
vehicle and of the frame with regard to torsion in re- 
spect to their length axes, and also upon the resiliency 
of the springs and of the tyres. It may be assumed that 
the rigidity of the body is very large as compared to that 
of the springs and of the tyres. Neglecting the torsion 
of the body, we obtain the diagram of force distribution 
given in Fig. 32. 











Fig. 32. Tilting of rear axle under influence of lateral force 
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It denotes 
Yo —the lateral force as given by formulae 
(54) and (55) 
5 — the angle by which the axle is dis- 
placed by the action of the force Yo 
X,’ and X,” — the radial reactions 
S’ and S” — the forces transmitted by the springs 
of the axle : 
1, — the distance between the springs 
B— the wheel distance 
A, — the coefficient of rigidity of the 
. springs of the rear axle 
A, — the coefficient of rigidity of the tyre 
From the condition of equality of the moments with 
regard to the centre axis 0, it follows 


l, B i B 
ike op Eee et Em. 
2 2 2 2 


The sum total of the radial reactions X,’ + X,” 
which is equal to that of S’ and S”, is equal to X,, that is 
S’4+ S = Xx, + xX,” = X%, = m.G, (57) 
The difference between S’ and S” is given by the de- 
formation of the springs, it being 
S’— S” = ),./,.5 ee oe (58) 
Similarly the difference between the radial reactions is 
given by 
Ag —— a, =. B. 0... ~~ »(59) 
From the equations (57), (58) and (59) we can 
establish the following expressions for the reactions 
X,/ and X,” and for the forces S’ and S”, to wit :— 
G, B m,. Ge 


B 
—N —. 8; X,” = + —. 8 (60) 
2 2 


mM, . Ge 


2 
By introducing the expressions for the forces S and the 
reactions X into the formula (57) the angle § can be 
found as 


G, 


ly l, 
+4—58; S’= coms 8 6D) 
2 2 


2 iY osie 
Oe ee re Si: 7 XG2) 
A, . 1,2-+-2’ B? 
The formula (60) can therefore also be written 


M2. G, ro . hy 
xX,’ = — nv’ . B a ee 
2 A, 1,2 + A’ B? 


Yo . hy 
+ .B————————_ (64) 
Az 1.2 + A’ B? 

The relative values reaction X’, and X”, are seen to 
depend very largely upon the relative values of A, and 
d’.. If we assume the rigidity of the spring A, to be in- 
finitely larger than that of the rigidity 4’ of the tyre, so 

A, 
that ise! ie o, then the reactions X,’ and X,” will be 
4 


mM, . Go 
and X,’ —_ 


m, . Ge 

X,’ = X,’ = fe ie aie! GB) 
and the force Yo will have no influence whatsoever 
upon the radial reactions. Vice versa, if it is assumed 
that the rigidity of the tyre is infinitely larger than that of 
the spring, then 
M,. G, hy 

Y, 


B 


Yo 


Fig. 33. Device for ascertaining influence of unequal tractive 
forces of driving wheels. 


Actually the rigidity of the tyre is considerably 
greater than that of the spring and formula (66) corre- 
sponds to reality better than formula (64). All these 
findings were made on the assumption that the frame and 
the body of the vehicle possess unlimited resistance to 
torsion ; but actually they suffer a certain amount of 
torsion under the application of the force Yo. This 
leads to a further diminution of the rigidity coefficient ),, 
and this serves to emphasize the fact that equation (66) 
approximates more closely to actual conditions than 
equation (65). 

The equations for the reactions X,’ and X,”, acting 
upon the rear axle, can be found in similar manner, 
assuming the force Y, to apply at the height h,, so that 
we have 

m,.G, h, 
+ Yo — 
2 B 


m,.G, h, 


— oo 


(67) 


2 


The experimental set-up employed to verify the 
theoretical findings is shown in Fig. 33. Here the 
moment M, is seen to be given by Mo = P. B,, and the 
lateral reaction Yo is seen to be 

Mo Jagd 8 
Y, = = 
L L 
It therefore is 
Mo . h, 
Yo.h, = as applying to the front axle 


Mo. h, 
and- . Yo. hk, = as applying to the rear axle. 
We can now find the radial reactions X,” and X," as 
follows : 
Yo . h, G, Mo . h, 
—_—— ee | 


t = 


sé 
B 2 L.B 
Yo.h, Gp Mo.hs 
i a oe 


Xx,’ = —+ = 
2 B 2 dope! sa 
If no force P is applied, the scales 2 and 4 will re- 
gister one half of the weight of the vehicle, and by 
applying an increasing force P the differences 4X. 1” and 
AX,’ defining the increase obtaining in the reactions 
X,” and X,’ will be 





(68) 





2 


G, G 
AX,” = X,” —— and 4X,’ = X,'—-— .._ @&) 
2 Z 


The differences 4X,” and 4X,’ were determined by 
experiment, and the distances h, and h, were founds 
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° 50 100 150 200 250 Pkg 


Fig. 34. Variation in radial reaction with force P’ with the 
tractive forces of the driving wheels be qual 





function of the moment My. From formulae (68) and 
(69) we obtain : 
EB ~B 
hy = Ax’ = 4X,’ —— ae AGO) 
PB, 
3 I FD: 
and hy 4 Xx. ae CHD) 
Mo Pub, 

The lower part of diagram (Fig. 34) shows the 
curves for X,” and X,’ obtained experimentally, while 
the upper part of the graph gives the differential re- 
actions 4X,” and 4X,’ as function of the force P. These 
test results were used to compute the heights h, and h, 
as-function of the force P, the results being charted in 
Fig. 35. 

In the case of an uneven distribution of the tractive 
force Py it will be 


B B 
PLB, = Mo = oe nae = Py (2k — 1) i 


B 
en te oe oe (72) 


Thus, the graph given in Fig. 34 makes it possible to 
obtain the heights h, and h, for any given value of the co- 
efficients yp and k. According to Fig. 35, the heights 
h, and h, are constant and do not therefore depend upon 
the magnitude of the tractive force Pp nor upon the 
moment M, or the coefficients yp and k&. In the 
example considered h, and h, are found as 338 and 274 
mm. respectively. ‘This corresponds closely with the 
distance between the ground level and the top of the 
springs. 

The equations (66) and (67) enable the determination 
of the radial reactions X to be carried out in the case of 
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Fig. 36a. Diagram of forces acting upon rear axle in curve 
taking into account unequal distribution of the tractive force. 
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Fig. 35. Relationship between heights h, and h, and force P, 
with unequal distribution of the tractive force. 


the presence of a non-uniform distribution of the trac- 
tive force, but they do not take into account the influence 
of the laterally active force of inertia which must be 
considered if the vehicle passes through a curve. The 
formulae (51) and (52) furnish a means for determining 
the radial reactions obtaining in the presence of a lateral 
reaction Y due to the inertia of the vehicle. But these 
formulae do not take the force Y, into account. This 
makes it necessary to establish a method for taking into 
account the influence of both the lateral forces Y and Y, 
upon the radial reaction X. This case is illustrated in 
Fig. 36a. Here the force Yoc acting at the height hg, 
that is, passing through the centre of gravity, will be 
equal to the force Y, in the absence of a non-uniform 
distribution of the tractive force; it can therefore be 
computed from equation (21c). 

The total lateral reaction exerted by the road upon 
the wheels of the rear axle will therefore equal the 
difference Y.-. — Yo, that is to say, it equals the re- 
action Y, which can be obtained from the formulae (17) 
or(21). The diagram of the forces given in Fig. 36a can 
therefore be transformed in the manner shown in 
Fig. 36b, and we obtain 


mM, . G, hg he = h, 
xX,’ + ¥Y, — + Yo—— (73) 
2 B B 
m,. Gz he 
and X,” = — 
-~ 2 

According to these equations, the magnitude of the 
radial reactions X,’ and X,” which act upon the wheels 
of the driving axle of the vehicle, depends upon the total 
lateral reaction as well as upon the force Y, set up by the 
uneven distribution of the tractive force Pp to the driving 
wheels. 

If the total lateral reaction Y, is zero, the radial re- 
actions X,’ and X,” will not be equal. As the height hg 
of the centre of gravity is usually larger than h,, the radial 
reaction X,’ acting upon the outer wheel will be larger 
than the radial reaction X,” acting upon the inner 
wheel, if it is Y, = 0; and the inner wheel will be more 
likely to skid than the outer wheel. 
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Fig. 36b. Modification of diagram Fig. 36a. 
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ELECTRODYNAMIC STRESSES BETWEEN PARALLEL CONDUCTORS, 


By P. BALTENSPERGER. 


TuE forces occurring between two parallel bus-bars or 
isolating switch contacts conveying currents cannot be 
reliably computed on a purely static basis, as the static 
stresses can be exceeded many times if the natural 
frequency of the conductors responds to the frequency 
of the current, i.e., if a condition of resonance arises, 
which is readily possible with assemblies commonly met 
with in practice. 

The force set up between two sufficiently long 
parallel conductors by currents 7, and 7, is, per centi- 
meter length of the conductor : 

#4(t) X t2 (0) 
g(t) = const. ——————_ 


If the same current 
1 (t) Io (e-&t — cos wt) 

flows in both conductors, and if the conductors are 
elastic and thus obey Hooke’s law, the following equa- 
tion for a vibrating bar is obtained : 

dy dy dry 
m—+A.—+@0E— =g(t)=const. (e&t—cos wt)? 

Or Ot Ox 
where m = mass of conductor per cm. length, 0 = 
moment of inertia, E = modulus of elasticity, A = 
material damping coefficient, J, = the amplitude of the 
symmetrical alternating current, « = damping co- 
efficient given of the circuit, and w the circular frequency 
of the current. 
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Fig. 1. — Maximum dynamic (0) and static (o.;) bending stress as a 
function of the lowest natural circular frequency (n;) of the conductor 


for the case of an asymmetrical short-circuit current. 


(From Brown Boveri Review, Vol. 31, No. 10, October, 1944, pp. 353-354). 


From the general solution of the above equation i: is 
possible to compute the bending stresses on the con- 
ductors as a function of the time t, of the natural {re- 
quencies m,, nm, ... of the conductors, and of other 
variables. 

The electrodynamic forces can be compared with the 
Static stressing, i.e., the force occurring when a constant 
unidirectional current of the same magnitude as the 
maximum peak value of the alternating current flows 
through the conductors. 

Fig. 1 shows the maximum dynamic and static 
bending stresses as a function of the lowest natural 
frequency mn, of the conductors. When n,=w a 
transient stress peak and when n, = 2w a condition of 
resonance occurs. In both cases the forces are ex- 
ceedingly large. 

Fig. 2 shows the initial bending stress under con- 
ditions of resonance referred to time. It will be seen 
that the static stresses are substantially exceeded after 
only a few half-cycles. 

From the foregoing it will be clear that the computa- 
tion of the forces between current-carrying conductors 
on a static basis is not dependable. Where alternating 
current is concerned vibrations are set up in the con- 
ductors, and, given certain conditions, extra-heavy 
forces may occur should the lowest natural frequency of 
the conductors respond to the fundamental or double- 
fundamental frequency of the current, thus giving rise 
to permanent deformation, breakage of insulators, etc. 
By paying proper attention to layout and dimensions, 
however, it is possible to avoid the dangerous resonance 
zones, while accurate computation of the electro- 
dynamic forces permits absolutely reliable and _ re- 
sonance-proof bus-bars, insulators, switch blades, etc., 
to be designed. 
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Fig. 2. — Initial bending stress under resonance conditions (nm; = 2): 
referred to time. 
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THE NIVOMETER. 


An Interesting Indicating Device for Very High Pressures and a Control Device for Important Operating Processes. 
By A. SPoERLI. (From The Brown Boveri Review, Vol. XXXI, No. 8, pp. 270-273). 


For measuring the level of a liquid in a vessel under 
pressure, the so-called “‘ Nivometer”’ was developed 
several years ago by Brown Boveri for steam boilers, 
hot water accumulators and liquids under pressure. 
This apparatus has the advantage that the transmission 
of the movement of the liquid level requires no bushings 
or glands. It also avoids any kind of mechanism under 
pressure. 

The U-shaped pressure tube (Fig. 1) of non- 
magnetic steel contains mercury. An iron ball floats 
on the surface of the mercury in one cf the limbs. By 
means of this ball, the movement of the column of 
mercury is transmitted through the walls of the pressure 
tube to the measuring mechanism purely magnetically. 
The two poles of a powerful, pivoted, permanent 
magnet enclose the tube without touching it so that the 
magnet, because of the field of force, must follow the 
movement of the ball. By giving a suitable shape to 
the shoes of the poles of the magnet, an exact corres- 
pondence of the indicating mechanism with the position 
of the ball is ensured. 

The position of the pivoted magnet which corres- 
ponds to the level of the liquid is indicated by means of 
a pointer on a large scale visible at a considerable 
distance. To enable the variation of the level to be 
checked later, the instrument also registers these varia- 
tions on a recording strip. Moreover, adjustable 
contacts which may be placed at any point inside the 
range of the instrument, can be added in order to operate 
signalling devices of any kind or to provoke the starting 
and stopping of pumps, the opening and closing of 
valves, etc. 

The Nivometer is connected to the pressure vessel 
by means of the two pipe connections (Fig. 2) in such a 
way that one of the limbs of the U-tube is in communi- 
cation with the liquid below the lowest level while the 
other is connected to the vessel above the highest level 
by means of a tube in which there is a constant head of 
liquid. The indicating mechanism can be installed in 
any convenient place for observation, within the range 
of the tube connections. For this reason, the Nivometer 
is very popular as a second water level indicating device 
for steam boilers, as it can be installed at eye level in 
some clearly visible position of the operating floor. 
The direct connected glass water gauges prescribed by 
the regulations, are usually placed high up where they 
can only be read from certain positions of the firing floor. 
In cases where it is desired to transmit the indication 
of the Nivometer to a remote point, it can be supplied 
with a remote electrical transmitting arrangement 
suitable for any distance. 

As part of the Nivometer which is under pressure 
consists of a simple closed steel tube containing mercury 
and a floating iron ball, it is possible to use the device 
for very high pressures without having to incorporate 
any special design features. 

The Nivometer has already been in successful use 
for a number of years with steam boilers for pressures 
up to 120 kg/cm?, especially for Velox boilers, as a 
second water level indicating device. Still higher 
Pressures are often encountered in the chemical] industry. 

he Nivometer is also used for compressed air loaded 
hydraulic accumulators for operating forging presses, 
Which work with pressures of 300-320 kg/cm?, where 
it serves the purpose of water level indicator and controls 
a relay regulating the feed and the outlet of the accumu- 
lator. The level of the contents of the accumulator is 
'ransmitted to signal lamps in the press workshop so 

t the staff can at all times satisfy themselves as to 


the state of charge of the accumulator and arrange the 
Operating processes accordingly. In the lowest position, 
the Nivometer stops the flow of water out of the accumu- 
lator until a certain minimum reserve of water is again 
present. 





60353" 


Fig. 1. Principle of magnetic transmission of the level 
employed in the Nivometer. 


The part under pressure consists of a U-iube of non-magnetic steel. 

It contains no mechanical parts and therefore possesses no glands or 

bushings. This results in complete reliability and makes it suitable 
for the highest pressures. 





6035t-la 
Fig. 2. Connection of the Nivometer to a pressure vessel. 


A constant level of the liquid is maintained in the pot 1, which acts on 
one arm of the mercury column. The other limb is subjected to a 
variable pressure corresponding to the varying level of the liquid in 
the vessel. 

1. Pot with constant level. 6. Nivometer. 

2. Vessel. 7. Pivoted magnet. 

3. Liquid level to be measured. 8. U-tube of non-magnetic steel. 
4, 5. Pipes. 
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SIMPLE DEVICE FOR THE PARTIAL RECOVERY OF KINETIC ENERGY 
AT THE OUTLET OF A WATER CONDUIT. 
By A. Paces. (From Génie Civil, Nos. 3146-47, December Ist to 15th, 1944, pp. 188/9). 


It would be interesting to investigate the possibility of 
recovering the kinetic energy of a stream of water dis- 
charged from a conduit by extending the conduit by a 
series of N tubular elements, its successive cross sec- 
tions to be made to vary progressively in a predeter- 
mined manner. ’ : 

The optimum values of the successive cross sections 
could be determined as follows. It may denote 


So = cross section of the original conduit 

UV») = velocity of the water in the original conduit 
corresponding to the discharge O 

Sp = cross section of the added tubular element p 

Vy = velocity of the water in the added tubular 
element p 


According to Borda’s theorem the energy loss 
between successive tubular elements p and (p + 1) will 


approxir mate to 
( 
P Rp+1 


The total energy loss in the elements added will amount 
to 
; Vo 1: 
Ah = ZohpPt? + — x — 
2g ky? 


Vo | ( 1 ky ) 
=— 1— —)... 
2g Rt hy 
1 1 kp \? 
1 ar —(1 _ see 
R*p—1 Rp Rp? Rp+1 


1 Rn—1 ss 1 
‘ 1— ) Sie | 
Rn—1 Rn kr? 


This total loss will attain a minimum if the partial 
derivative of 4h relative to k is equated to zero 
5. 4h 1 Rp—1 kp—1 
= 0, then ( 1— ) vd 
) . ky k*p—1 Rp kp? 


1 a kp 1 
ee n= )x —=0, 
kp? Rp+ 1 kp? Rkp+ 1 kp—1 

Zz 1 1 2 1 


or —_— «= ———— + and— = 
ky Rp—1 Rp+ 1 kn Rn+1 
N+1 
where kp = ————. 
N—p+l1 
Consequently the reciprocal values of S, S,....Sn must 
form an arithmetical series of the form 


1 
——__—, with the limits 
(N + 1) So So 
The atmosphere to which the water finally escapes 
may be considered to constitute the (N + 1)th element 
of the conduit. 
The successive cross sections are 
IN N+1 


x “Wel 
N+1 


and 0. 
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Estimate of the kinetic energy recovered. 


The energy losses due to the flow passing from 
tubular element p, to element (p + 1) are 
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The kinetic energy lost by the discharge from the last 
element to atmosphere is 
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and the total.loss is equal to 
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This loss is equally shared by the total number of 
changes of cross section including the final discharge. 
The device envisaged permits the recovery of 


N 
( part of the kinetic energy of the water at the 
N+1 


outlet of the conduit, that is, 


1/2 for N= 1 
2/3 for N = 2 
3/4 for N = 3 
4/5 for N = 4, etc. 


One could imagine the number of successive cross 
sections increased ad infinitum in which case a tube of 
continuously varying cross section would be obtained. 
It would start with the original cross section S, and in- 
crease to an infinite section with zero outlet velocity. 

The energy losses diminish in proportion with the 
number of tubular elements added. At the points 
where the cross sections change, irregularities in the 
flow will, however, lead to losses. An optimum shape 
for this divergent tube could be obtained by assuming a 
law for the dissipation of energy along the axis of the 
tube. 

One can also see the influence of energy losses caused 
by irregularities of the surface of the divergent tube. 
They change the sections open to flow as in the case ex- 
plained above and the energy losses which result depend 
on the relative smoothness of the wall. 

These notes are purely analytical and only of a 
qualitative nature. In fact they cannot be considered 
to have any practical value without conducting a further 
investigation into the influence of the secondary factors 
which have not been taken into account so far. Ex- 
perimental verification will also be necessary. 
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